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Abstract

Background: The comparison of prostate-specific antigen (PSA) levels among older individuals with different peri-
odontal statuses has not been fully investigated. Here we aimed to explore the correlation between the staging and
grading of periodontitis and PSA levels in an elderly Chinese male population, which may lead to a biopsy recom-
mendation and prevent prostate cancer as early as possible.

Methods: The study included 996 individuals aged > 55 years who participated in routine postretirement physi-

cal examinations. Periodontal data included probing depth and gingival recession on four sites/tooth and on two
diagonal quadrants (1-3 or 2-4) while excluding third molars, and clinical attachment loss was calculated. Periodontal
status was classified as none, mild-moderate or severe periodontitis according to the Centers for Disease Control and
Prevention and the American Academy of Periodontology case definition. Blood samples, oral health status and soci-
odemographic characteristics were collected by using general and oral examinations and questionnaires. Linear and
logistic regressions were used to estimate the correlation between periodontitis severity and PSA levels, respectively.

Results: A total of 479 men had mild-moderate periodontitis and 355 had severe periodontitis; 162 men were peri-
odontally healthy individuals. After adjusting for potential confounders, PSA levels were significantly lower in the indi-
viduals without periodontitis than in those with mild-moderate (P=0.04) or severe (P=0.03) periodontitis. However,
PSA levels did not significantly correlate with periodontitis severity (P=0.06). Although the ORs of elevated PSA were
not significant, individuals with PSA> 4.0 ng/mL were more likely to have periodontitis.

Conclusions: In a sample of an elderly Chinese male population, after adjusting for possible confounders, serum PSA
levels in individuals with periodontitis were significantly higher than those in individuals without periodontitis, but
serum PSA did not significantly correlate with periodontitis severity.
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Background

Periodontitis is one of the most frequent diseases with
a prevalence of 45-50% of the world population [1], in
which inflammation occurs in the periodontal tissue.
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early colonizing, which initiates gingival inflammation.
Subsequently, oral bacterial dysbiosis results from gin-
gival inflammation and bacteria by producting enriched
species. Afterward, host inflammatory and immune
mechanisms occur in response to uncontrolled bacterial
challenge. The relevant tissues are ultimately changed
in the case of gingivitis and periodontitis resulting from
host—-microbial interactions [3]. As the inflammation
process continues, the tissues and bones that support
the teeth are eventually destroyed [4]. Periodontitis can
clinically manifest as gingival bleeding, periodontal
pocket formation, and tooth loosening and loss, which
seriously affect the quality of life of patients [5, 6]. It has
been widely investigated by researchers that periodontal
pathogens are associated with various nonmalignant and
malignant diseases, such as cardiovascular diseases, Alz-
heimer’s disease, diabetes, lung cancer and other malig-
nant diseases [3, 7, 8].

Prostate cancer (PC) is an epithelial malignant tumor
of the prostate gland. The incidence rates of PC vary geo-
graphically and are lower in East Asia [9]. However, the
incidence rates have increased significantly in China due
to economic growth, prolongation of life span and culture
exchange [10, 11]. In 1980, Papsidero et al. was the first
group to quantify prostate-specific antigen (PSA) levels
in the blood of humans [12], constituting the beginning
of the clinical application of PSA as a marker, which is
widely used to screen PC in medicine today. It has been
established that the PSA cutoff recommended for biopsy
is 4.0 ng/mL, although many cases have been missed with
this cutoff [13]. Scholars in the United States suggested a
limit of 2.5 ng/mL to increase sensitivity [14].

Recently, Joshi et al. found a relationship between peri-
odontitis and PSA levels in chronic prostatitis patients
[15]. Boyapati et al. showed a pathological link between
moderate-to-severe prostatitis and periodontitis [16].
Estemalik et al. also reported the presence of Porphy-
romonas gingivalis and Treponema denticola DNA in the
expressed prostatic secretion and dental plaque of the
same patient, supporting the relationship between peri-
odontitis and prostatitis [17]. In addition, scholars [18]
have revealed that PSA levels could be reduced after the
treatment of patients with chronic periodontal inflam-
mation. However, Kruck et al. suggested no influence of
chronic periodontitis treatment on tPSA or fPSA levels
in asymptomatic men [19]. The comparison of PSA lev-
els with different periodontal statuses has not been fully
investigated, especially in the elderly population. The
severity of periodontitis positively correlates with age [2].
The European Randomized Study of Screening for Pros-
tate Cancer (ERSPC) and Prostate, Lung, Colorectal and
Ovarian (PLCO) cancer screening trials have indicated
that PSA levels in men 55 to 74 years old are>3.0 ng/
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mL in approximately 14—16% [20]. "Early screening, early
diagnosis and early treatment” is an effective strategy to
reduce and prevent the mortality of cancer patients [21].
At present, PSA levels are an important indicator of PC
biopsy screening, and the correlation with periodontitis
in the elderly Chinese male population of the PC screen-
ing age range is not clear. Since the oral cavity is easily
accessible, it is used for the early diagnosis of many nono-
ral diseases. Therefore, we aimed to investigate the cor-
relation between the staging and grading of periodontitis
and PSA levels in an elderly Chinese male population
without PC, which may lead to a biopsy recommendation
in an effort to prevent PC as early as possible.

Materials

Study design

People who have retired from urban community enter-
prises in China have the opportunity to undergo regu-
lar physical examinations in community hospitals by
appointment, which includes blood tests and systemic
disease examinations. The stratified multistage clus-
ter random sampling method according to the district,
street, and community was used in our survey. Six com-
munity hospitals in Hangzhou were randomly chosen,
and 5819 55-90-year-old residents who underwent rou-
tine physical exams from November 2021 to December
2021 in these hospitals were used as the source popula-
tion. Participants aged >55 years were eligible for oral
examination if they did not refuse to participate or meet
any health exclusion criteria. Individuals who had fewer
than 6 teeth or conditions in which they could not toler-
ate oral examinations were excluded.

Population

After excluding 1945 residents who refused oral health
examination and 2598 female subjects, we collected data
about sociodemographic characteristics from question-
naires and general oral health status from oral exami-
nation for 1276 male subjects. Then, 280 men with
nonnegligible missing values (height, weight, diabetes
status and smoking status) or who had tumor disease,
inflammation of the prostate or current prostate infec-
tion were excluded. Thus, 996 males were enrolled; the
specific process of sample screening is described in detail
in Fig. 1. The protocol was reviewed and approved by
the Ethics Committee of Stomatology Hospital, affiliated
with the Zhejiang University School of Medicine (Ethics
Approval No. 2021-075). The patients provided informed
consent for their data to be used for research purposes.

Oral and periodontal examination
Oral examinations were performed by well-trained pro-
fessional dentists at mobile examination centers. Before
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Fig. 1 Process of sample screening for 5819 residents

data collection, intensive examiner training was con-
ducted to reduce measurement bias. A total of 6 den-
tists carried out the examinations, working in pairs, and
intergroup and intragroup reliabilities were checked by
calculating kappa values. Dentists were admitted to the
program only if their Kappa coefficient was 0.7 or greater.
Periodontal examinations were conducted according to
the half-mouth, four-site protocol, randomly alternating
on two diagonal quadrants (1-3 or 2—4) while exclud-
ing third molars [22]. Measurements were obtained
for four interproximal sites per tooth (disto-buccal,
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mesio-buccal, mesio-lingual, and disto-lingual), which
included probing depth (PD) (mm), gingival recession
(GR)(mm), and clinical attachment loss (CAL)(mm). PD
and GR were assessed using a ball-end community peri-
odontal index (CPI) probe, and CAL was calculated as
the sum of PD and GR; the result represents the distance
from the cemento-enamel junction to the bottom of the
pocket. Bleeding on probing (BOP) and gingival swell-
ing were also recorded. No radiographic examination was
conducted.

In epidemiological studies, periodontal status is mainly
described by the use of PD and CAL assessments. Peri-
odontitis staging was defined according to severity in
none, mild-moderate, and severe periodontitis [23], using
a rule-based algorithm outlined by the Centers for Dis-
ease Control and Prevention and the American Acad-
emy of Periodontology (CDC/AAP), as shown in Table 1.
Importantly, these case definitions are intended for use in
field surveys and not for clinical practice [24]

Measurement of serum PSA concentration

Serum total PSA concentrations were measured as a part
of routine fasting blood sample testing. Serum PSA con-
centrations were divided into normal and elevated levels
at cutoff points of 2.5 [14] and 4.0 ng/mL, respectively.
Other biomarkers, such as total cholesterol, triglycerides,
and fasting plasma glucose (FPG), were also measured.

Covariates

At the time of enrollment, questionnaires were used to
collect oral health status and sociodemographic charac-
teristics, and the subjects were divided into different cat-
egories according to different variables. There were three
statuses of smoking: never (<100 cigarettes), former
(who quit at least 12 months ago), and current (who now
smoke “every day” or “some days”). According to FPG,
diabetes status was categorized as no diabetes (clinically
undiagnosed diabetes; FPG <100 mg/dL), prediabetes
(clinically undiagnosed diabetes; FPG between 100 and

Table 1 Definitions of groups of periodontitis based on periodontitis and CAL

Periodontitis definition

Criteria

Severe

Mild-moderate

None

> 2 interproximal sites with > 6 mm CAL (not on the same tooth)
AND
> 1 or more interproximal site(s) with >5 mm PD

Among those who did not meet the severe periodontitis case definition;
> 2 interproximal sites with >3 mm CAL

AND

(> 2 interproximal sites with >4 mm PD (not on

the same tooth)

OR 1 site with > 5 mm PD)

Meets neither the severe nor mild-moderate periodontitis definition
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126 mg/dL), and diabetes (clinically diagnosed diabetes;
FPG > 126 mg/dL) [25]. Hypertension status was deter-
mined [26] by systolic blood pressure > 140 mm Hg and/
or diastolic blood pressure>90 mm Hg (average of at
least three resting measurements) or by the presence of
clinically diagnosed hypertension.

Statistical analysis
Descriptive statistics were calculated to describe baseline
variables classified by periodontitis severity (none, mild-
moderate, and severe). We used linear regression analysis
to estimate whether serum PSA concentration was asso-
ciated with periodontitis severity. Two different models
were used: (i) a model adjusted for age and (ii) a model
adjusted for age, BMI, smoking, hypertension and dia-
betes. As the distribution of serum PSA concentrations
was skewed, we took the natural logarithm of PSA. After
adjusting for the same covariates, one ordinal regression
model with elevated PSA levels was constructed for mul-
tivariate analysis. Multicollinearity was tested to elimi-
nate individual confounding factors. The test of parallel
lines was also employed to determine whether ordinal
regression could be applied.

All data analyses were performed using IBM SPSS
Statistics version 22.0 for Windows (IBM, Armonk, NY,
USA).

Results

The 996 participants were divided into three groups:
355 men with severe periodontitis, 479 men with mild-
moderate periodontitis, and 162 men who were peri-
odontally healthy. The characteristics are presented
according to the classification of periodontitis sever-
ity in Table 2. The average age of the population was
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66.88 years (standard deviation (SD) 6.09). The total
mean PSA was 2.31 ng/mL, and the mean BMI was
24.59 kg/m? A total of 71.1% of the participants had
diabetes or prediabetes, 46.2% had hypertension, and
45.3% were former or current smokers. With respect
to correlation between periodontitis and PSA, indi-
viduals with periodontitis had higher total PSA levels
than those without periodontitis, regardless of severity
and potential confounders.

After adjusting for age (Model 1), PSA levels in the
blood increased with the severity of periodontitis
(P=0.05; Table 3). In Model 2, PSA level did not signifi-
cantly correlate with periodontitis severity after adjust-
ing for age, BMI, smoking, hypertension and diabetes
(P=0.06). However, PSA levels were significantly higher
in individuals with mild-moderate (P=0.04) and severe
(P=0.03) periodontitis than in those without periodonti-
tis, as illustrated in Fig. 2.

The ORs of elevated PSA did not increase with sever-
ity, regardless of whether the cutoff point was 2.5 or

Table 3 Correlation of periodontitis severity with serum PSA

levels
None Mild-moderate  Severe P
(n=162) (n=479) (n=355)
In(PSA) coef-
ficient (95% Cl)
Model 1° Reference  0.15 (0.01,0.30) 0.17(0.02,0.32) 0.05*
Model 2° Reference  0.15 (0.01,0.30) 0.17(0.02,032) 0.06

@ Model 1 adjusted for age in years (continuous)

> Model 2 adjusted for age in years (continuous), body mass index (continuous),
smoking (never, former, current), diabetes (nondiabetic, prediabetic, diabetic),
and hypertension (no, yes)

*Statistically significant difference when compared with the reference category

Table 2 Characteristics of the participants by category of periodontitis severity (N =996)

Overall (N=996)

None?

Mild-moderate (N=479, Severe

(N=162,16.3%) 48.1%) (N=355, 35.6%)

Total PSA mean (SD), ng/mL 2.32(3.69) 2.05 (2.39) 2.31(3.39)* 243 (4.48)*
Age mean (SD), years 66.88 (6.09) 66.69 (6.13) 67.33(6.12) 66.37 (6.00)
BMI mean (SD), kg/m? 24.59 (2.92) 24.65 (2.85) 24.66 (2.85) 2448 (3.05)
Diabetes N (%)

No diabetes 288 (28.9) 44.(27.2) 132 (27.6) 112 (31.5)

Pre-diabetes 438 (44.0) 73 (45.0) 217 (45.3) 148 (41.7)

Diabetes 270(27.1) 45 (27.8) 130 (27.1) 95 (26.8)
Cigarette smoking status N (%)

Never 545 (54.7) 108 (66.7) 260 (54.3) 177 (49.9)

Current 365 (36.6) 45 (27.8) 174 (36.3) 146 (41.1)

Former 86 (8.7) 9(5.5) 45 (9.4) 32(9.0)

2 Reference category

*Statistically significant difference compared with the reference category (p <0.05)
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Table 4 Correlation of periodontitis severity with elevated
serum PSA levels

None Mild-moderate Severe P
(n=162) (n=479) (n=355)
QOdds ratio (95%
@)
PSA>25ng/mL 39 113 91
Model 12 Reference 0.93(0.61,1.43) 1.11(0.72,1.74) 042
Model 2P Reference 1.06 (0.69,1.62) 1.12(0.72,1.73) 045
PSA>4ng/mL 19 64 51
Model 12 Reference 1.12 (0.64,1.93) 1.30(0.73,2.30) 033
Model 2° Reference 1.13 (0.65,1.96) 1.28(0.72,227) 038

#Model 1 adjusted for age in years (continuous)

b Model 2 adjusted for age in years (continuous), body mass index (continuous),
smoking (never, former, current), diabetes (nondiabetic, prediabetic, diabetic),
and hypertension (no, yes)

4 ng/mL (Table 4). Nevertheless, individuals with PSA
levels greater than 4.0 ng/mL were more likely to have
periodontitis.

Discussion

We strove to explore the correlation between periodon-
titis and PSA levels in the peripheral blood in elderly
Chinese men without PC to lead to a biopsy recommen-
dation and prevent PC as early as possible. We compre-
hensively examined periodontal status and then explored
influencing factors, including demographic characteris-
tics, systemic disease, and lifestyle habits. After adjust-
ing for confounding factors, PSA levels were significantly
higher in men with periodontitis but did not correlate
significantly with the severity of periodontitis.

Recent studies have explored the correlation between
periodontitis and PSA levels. Huang et al. [27] revealed
that serum PSA levels in men with periodontitis were
not higher after accounting for age and other factors in
a middle-aged and older population in America, and a
prospective study [19] suggested no influence of chronic
periodontitis treatment on tPSA or fPSA levels in asymp-
tomatic men. However, Joshi et al. [15]. found that PSA
levels were higher in individuals with CAL>2.7 mm and
moderate/severe prostatitis than in patients with neither
condition, CAL>2.7 mm or moderate/severe prosta-
titis. Indeed, if PSA levels increase with the severity of
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periodontitis or if periodontal treatment reduces PSA, we
would infer a positive correlation between periodontitis
and PC risk. Scholars [28] have suggested that periodon-
titis has a slight positive correlation with PC in a South
Korean population, although another study [29] reported
that in PSA-based PC screening in a US population, peri-
odontitis did not correlate with PC risk.

Our study showed that PSA levels in individuals with
periodontitis were significantly higher than those in men
without periodontitis but did not correlate significantly
with the severity of periodontitis. Overall, the mecha-
nism of periodontitis and elevated PSA levels remains
unclear.

Chronic inflammatory responses catalyzed by differ-
ent mediators play an important role in the pathogen-
esis of periodontitis [30]. Studies have shown that levels
of C-reactive protein [31], IL-1, IL-6 [32], and TNF-«
[33] affect inflammation in the host. In the presence of
inflammation, the integrity of the prostate epithelium
might be compromised, causing more PSA to leak into
the blood. Morote et al. [34] showed that another non-
prostatic source of PSA, such as the periodontium, might
increase its levels.

Recent studies [35] have reported that the risk of PC
increases with age. Studies [36] based on the Chinese
population indicate an incidence of PC in individuals
50-59, 60—69 and 70-79 years old of 11.6%, 16.4% and
23.1%, respectively. We chose a representative population
of Chinese men with a high incidence of PSA-based PC
screening, performed a dental examination and classified
the severity of periodontitis rather than conducting a ret-
rospective study, which reduced measurement error.

Several limitations of this study should be consid-
ered. First, this was a cross-sectional study that did not
permit assessment of either a temporal or causal rela-
tionship between periodontitis severity and high PSA
levels. Second, we excluded individuals with PC and
those who reported a diagnosis of prostate disease, but
we could not completely rule out the presence of undi-
agnosed prostate-related disease among the participants.
PSA levels are elevated in patients with PC or prostati-
tis, suggesting a correlation between periodontitis and
PSA levels. Third, a full-mouth recording includes peri-
odontal measurements at six sites per tooth on 28 teeth,
while excluding third molars is currently regarded as the
gold standard for clinical examinations. Because of lim-
ited financial and time resources, our epidemiological
surveys are restricted to partial-mouth recording proto-
cols (PRP), which may result in bias [37-39]. Hence, we
tried to select a method that included more information
and less bias and met our resources among all PRPs. In
addition, the initial age for PC screening remains con-
troversial. Guidelines from The United States Preventive
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Services Task Force (USPSTF) and American Urological
Association (AUA) guidelines recommend screening for
men aged 55 to 70 years, whereas early diagnosis guide-
lines from the National Comprehensive Cancer Network
(NCCN) recommend starting screening at ages 40 to
45 years and ending screening at 75 years. The European
Association of Urology (EAU) guidelines recommend
screening for men over the age of 50 years [40—-42]. The
results may have been affected by the lack of data for
males 40-50 years old in our study.

Conclusion

After adjusting for confounders, serum PSA levels in
individuals with periodontitis were significantly higher
than those in individuals without periodontitis in an
elderly Chinese male population; however, serum PSA
levels did not correlate significantly with periodontitis
severity. Based on the abovementioned limitations, fur-
ther studies are required to strengthen the evidence of
this correlation and clarify the mechanisms whereby per-
iodontal pathogens or the ensuing inflammation cause
elevated PSA levels.
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